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Introduction y

» Investigation into, the impact of active

humidity control & continuous ventilation on
school TAQ

» Desiccant- coohng\hb{nolggle‘s targeted

»Meets US DOE oal of improving energy
efficiency and® elps to dispel belief that

chumidification systems are too
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Project Objectives

1. Measure the importance of humidity control &
continuous ventilation

2. Develop baseline IAQ data for schools 1in hot &
humid climates

3. Provide data & recag}épda{ions\for HVAC

designs for im ovedlschools JAQ

4. Documentrole ot desiccant'technologies to
ypceninol humidity in schools
5 vaideidata for school systems to specify the
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Project Team

Georgiari'ech Reseanch Institute
Charlene Bayer (PI)
Bob Hendry (sampling)
Amy Cook (analytical analysis)
Chris Downing (mecha icx
Georgia State Uniy; rs% |
1st)

Sidney Crow: (micrabiol




Technical Approach

1. Literature review of school IAQ
2. Field investigation of IAQ in 10 non-complaint
Georgia schools

a. Matched pairs of schools with conventional HVAC
systems and schools with desiccant cooling HVAC
systems x

b. Continuous moni SXI ced|in eéch school for CO,,
temperature;, andrelativeshumidity for

approximatelyiene year




Active Monitoring Parameters .
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YOCs
Particles
Bioaerosols

Aldehydes & ketones




Continuous Monitoring

Continuous monitor placed In
breathing zone,in one
classroom of each school
measuring temperature, relative |

humidity, and CO, ' ’ ..
N\
Cs \Ia ed |

Diffusion tubes:for V.
in the breathingZzone in one
classropminieach school &




Outdoor Air & Exhaust Ducted Directly into Space

Outdoor Air & Exhaust Ducted to Heat Pump Return Duct

Outdoor Air & Exhaust *\ to g‘m‘un Return Plenum

eat Pumps, No Exhaust Air Path




HVAC System Diagram

Desiccant Preconditioning

A i Outdoor Air to Ceiling Plenum

Exhaust Air from Ceiling Plenum

Heat Pump

School Hallway

Supply Air Supply Air Return and Exhaust
From Heat Pump From Heat Pump Air to Common Plenum
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CO2 Fingerprint School J 12/98 - 3/99

After filter change

Christmas
Break
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Average Airborne Microbial Levels ;g2
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Average Airborne Microbial Levels

Conventional Schools Non-Conventional Schools

L R U
Schools Designation
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March TVOC Levels

Average TVOCs -- March 1999
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Daily CO, Variation
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School Y Daily CO, Variation Comparing Desiccant System On and Off
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School L -- Time-Weighted Average VOCs
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Humidity Level vs Ventilation Rate Modeling ;-fﬁj‘;g’ﬁ ;
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IHAT Simulation vs. Actual Data: 15 CFM/Student of Outdoor Air (Per ASHRAE 62)

IHAT Simulated Data: 15 cfm/student Outdoor Air Conventional Only
—k— Actual Space Humidity: Conventional Only at 15 cfm/student Outdoor Air
—&— Actual Space Humidity: DWER Preconditioning at 15 cfm/student Outdoor Air
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50% Relative

55 °F Dewpoint Humidity at
75 degrees

One School Week* Sample Collection and Simulation Period
(*Last week of April as Conventional (DWER Off), First week of May with DWER Preconditioning and Simulation)
All Data with 75 degree space temperature
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Humidity Level vs Ventilation Rate Modeling & ==

IHAT Simulation vs. Actual Data: School G Conventional HVAC
Outdoor Air Rates of 4 cfm/student (actual), 8 cfm/student (simulated) and 15 cfm/student (simulated)

—a— |[HAT Simulation Data: 8 cfm/student Outdoor Air
—&—|HAT Simulation Data: 15 cfm/student Outdoor Air
—&— Actual Data School G: 4 cfm/student Outdoor Air
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70% Relative
Humidity at
75 degrees

60% Relative
Humidity at
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Space Humidity with and without Desiccant ;-,-E‘;g’ﬁ ;
=

Actual Space Humidity with 15 CFM/Student of Outdoor Air
(With and Without Desiccant Based Dual Wheel Total Energy Recovery)

—&o— DWER Preconditioning System On - Week 2
= Conventional Only (DWER Preconditioning System Off) -

70% Relative

- - - = 65 °F Dewpoint Humidity at
75 degrees

o . 60% Relative
— — — 60 °F Dewpoint Humidity at
75 degrees

70 M
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e
Effect of Weekend Shutdown ,-ﬁ;a-{?
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Desiccant System On and Off: School R Humidity 8/19 - 8/23/99

Weekend Shutdown

Desiccant System On Desiccant System Off (0O cfm/student outdoor air)
(15 cfm/student outdoor air)
70% Relative
Humidity at
75 degrees
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Student Absenteeism Data

L\ Percent Absent

Avg

School Nov98 Dec98 Jan99 Feb99 Mar99 Apr99 May99 Aug99 Sep99 Oct99 Nov99

A 5.300A 6.08A.6.98 6.90\\ 7.3\61. 730 7.80 420 420 560 560 6.10

N 360 7410 490 490 480 {M0 480 280 280 370 3.70 4.08

I\ TR 4.46
R 319 246 2554 4 .\‘\ ‘.1" 3.46
L 539 570, w7930 m‘ _R26\\)75‘F 1.3.48 6.01
M-l'!: L\ \ 1.29 473

3.36

E 424 220 405 611 572
80 4. 4

P 4.85 |4 318
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Important Findings

\/

“ Project Goals Met

Measured importance of humidity control &
ventilation on school indoor air quality

Developed baseline of indoor air quality data for
schools in hot & hu “:Ilmates

Provided data % ehdat\ms for more
energy effici AC designs for improving

indoor airiq ty In schools
Documented role of desiccant technologies to

'e: cification of desiccant systems .
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Important Findings gfE

A/

% Found statistical significance of the importance of
adequate ventilation demonstrates the importance
of HVAC system design integrating desiccant
cooling systems with conventional HVAC system
components

»» Demonstrated the ip\portance of design for the
integration of dg§iccant systems with conventional
HVAC systeacomponents

o Dem@éd'the importance of training for
bui; J ! pecifiers & contractors and for facility
. rﬁE ntenance staff on the purpose and operation &
_.__maintenance of desiccant technologies e
= @ETM




Importance to Integrated R
Energy Systems Program * iRy

% Meets goals to improve energy efficiency

L)

« Justifies the “up-front” expense of using desiccant
cooling technologies

»» Demonstrates theii pbftance of HVAC system
design integrating'desiccant cooling systems with
conventional HVAC system,components

r&d for training of building contractors

rs and school facility and maintenance
’the purpose and operation & maintenance
desiccant cooling systems
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Publications

s+ Literature Review
www.ornl.gov/ORNL/BTC/iaq.pdf

< ASHRAE IAQ 2001

Presentation & publication in,conference proceedings
November 2001 \

< International (;%;&&ce on }ndoor Air 2002

esentation & publication in conference
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Cooperative Efforts
v. ASHRAE Proposal in Progress

Continuation to look at the impact of intervention technologies on
school indoor environments and student health

v" Joint Projects with Emory University Medical
School \ .
Investigate the impact%do J§ nvi‘e}men I'exposures on asthma
Development ofith€ firstigenerati
function monitec 'ng system

of'a real-time exposure & lung
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Cooperative Efforts

Co-Sorption Desiccant Wheel System

Market opportunity for active desiccant systems

Demonstrate that they have the ability to remove significant amounts
of contaminants while simultaneously dehumidifying outdoor and
building return airstreams

“*Research shows that 15"/ of r‘nan))ﬂairborne gaseous
contaminants ca* oved
NContamlnan L removal efficiency varies depending on the

aminant (poor removal of ozone), the
umidity levels, and the regeneration temperature
er removal at higher temperatures.)
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